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The areas of i n v e s t i g a t i o n  included i n  t h e  low pres su re  
measurement s t u d i e s  have been changed somewhat dur ing  t h e  p a s t  yea r .  
The program now i n c l u d e s  s t u d i e s  of :  
1. The pumping of g e t t e r - i o n  pumps a t  low p res su res ,  
2 .  A crossed  f i e l d  mass spectrometer  of h igh  s e n s i t i v i t y  and 
moderate r e s o l u t i o n ,  
3. Secondary e l e c t r o n  emission us ing  h igh  r e s o l u t i o n ,  
4. The angular  d i s t r i b u t i o n s  of e l e c t r o n s  and ions  leav ing  
a s o l i d  su r face  due t o  e l e c t r o n  and i o n  i m p a c t ,  
The k i n e t i c s  of gaseous adso rp t ion  and deso rp t ion .  5. 
It w i l l  be noted t h a t  several of t h e  programs now included under t h i s  
c o n t r a c t  involve  the  s tudy  of  sur faces  and s u r f a c e  processes .  During 
t h e  p a s t  few yea r s ,  i t  has  become i n c r e a s i n g l y  c l e a r  t h a t  a b e t t e r  under- 
s tanding  of such processes  i s  requi red  i n  many areas of u l t r a h i g h  vacuum 
technology 
The eva lua t ion  program f o r  t h e  suppressor  i o n i z a t i o n  gauge has  
been completed. 
r e p o r t .  Desc r ip t ions  of t h e  above programs are g iven  below. 
The r e s u l t s  of  t h i s  program are g iven  i n  t h e  a t t ached  
1. PUMPING OF GETTER-ION PUMPS AT LOW PRESSURES 
1.1 In t roduc t ion  
Get te r - ion  pumps have been used f o r  about  10 yea r s  t o  o b t a i n  
low pres su res .  'I 'heir opera t ing  p r i n c i p l e  i s  t h e  fol lowing:  A Penning 
d ischarge  is maintained i n  a volwne which is contained by a c y i i n d r i c a i  
o r  r ec t angu la r  ce l l .  The c e l l  i s  maintained a t  3000-6000 v o l t s  (anode, 
p o s i t i v e )  and on each end is a p la te  a t  ground p o t e n t i a l  (cathode) .  
magnetic f i e l d  perpendicular  t o  t h e  ca thodes  se rves  t o  inc rease  t h e  
pa th  l eng th  of e l e c t r o n s  which o s c i l l a t e  back and f o r t h  between t h e  
cathodes.  They i o n i z e  some o f t h e  gas  molecules i n  t h e  volume, and 
t h e  la t ter  are c o l l e c t e d  by the  ca thode .  
_- 
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G a s  removal occurs  i n  two d i f f e r e n t  ways: The f i r s t  i s  by 
i o n  pumping which can  occur when ions  e n t e r  t he  cathode metal w i t h  such 
an energy t h a t  they a r e  trapped i n s i d e  t h e  c r y s t a l  s t r u c t u r e .  The 
second way i s  gas  removal by g e t t e r i n g .  The cathode i s  made from a 
meta l  w i t h  good g e t t e r i n g  c h a r a c t e r i s t i c s  (usua l ly  t i t a n i u m ) ,  Ions  
impinging on t h e  cathode s p u t t e r  away some of  t h e  cathode material 
which s e r v e s  as fresh g e t t e r i n g  material. It i s  easy  t o  see t h a t  t h e s e  
two methods compete. 
It  i s  w e l l  known t h a t  t h e  pumping speed f o r  g e t t e r - i o n  pumps 
-8 i s  f a i r l y  c o n s t a n t  over a pressure range from about to 10 o r  10'' 
To r r .  The pumping speed f o r  noble gases  (which are ion-pumped) i s  about 
an o rde r  of magnitude lower than f o r  gases  which are g e t t e r e d .  Below 
II . 
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a c e r t a i n  c r i t i c a l  
meters) t h e r e  i s  a 
p re s su re  p (which depends on d i f f e r e n t  pump para- 
r ap id  decrease i n  pumping speed. 
C 
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No r e s u l t s  on t h e  actual pumping speed, s ,  of g e t t e r - i o n  
pumps below LO-' Torr  are published b u t  only r e l a t e d  parameters as 
d ischarge  i n t e n s i t y , '  I / p ,  o r  the ra te  of p re s su re  arise a f t e r  t u rn ing  
o f f  t h e  pump. 293 
Get ter - ion  pumps show a strong memory f o r  gases  which they 
have pumped, e s p e c i a l l y  noble  gases. No q u a n t i t a t i v e  r e s u l t s  on 
memory e f f e c t s  could be found i n  t h e  l i t e r a t u r e .  
1.2 Area of I n v e s t i g a t i o n  t o  Present  
The goa l  of t h i s  experiment i s  t o  measure t h e  a c t u a l  pumping 
speed of a g e t t e r - i o n  pump t o  the lowest p res su res  ob ta inab le  and t o  
compare i t  t o  t h e  d ischarge  i n t e n s i t y ,  I / p ,  and t h e  r a t i o  o f  gas  flow 
t o  e lec t r ic  c u r r e n t ,  p s / I .  
e n c e  of  pumping speed on previous ly  pumped gases .  Experiments w i t h  
pump models are be ing  performed. 
4 Furthermore,  we wish t o  s tudy t h e  depend- 
These have a h o t  cathode e l e c t r o n  
'Rutherford,  S.  L . ,  "Sput ter-Ion 
t i o n , "  Vac. Symp. Trans . ,  185-190 (1963) 
'Klopfer, A . ,  W i e  Erzeugung von 
Ionenpumpen und Das Messen von Sehr Tiefen  
10.4,  113-118 (1961). 
Pumps f o r  Low P res su re  Opera-  
Hochstvakua M i t  Getter- 
Drucken," Vakuumtechnik 
3Davis, W .  D "Sputter-ion Pumping and P a r t i a l  P re s su re  
Measurements Below Torr," Vac. Symp. Trans . ,  363-370 (1962). 
4Jepsen, R. L . ,  "Important C h a r a c t e r i s t i c s  of a New Type 
Get te r - Ion  Pump," Le Vide, 80.80-89 (1959). 
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c' 3 source  which should enab le  them t o  main ta in  a reasonable  pumping speed 
t o  lower p res su res .  
1.3 Experimental  Method and Apparatus 
5 We use t h e  two gauge method a f t e r  Landfors and Hablanian. 
The pumping speed is  c a l c u l a t e d  from t h e  p re s su re  drop  along a known 
conductance between gas  i n l e t  and pump (see Fig.  1.1). The formulas 
are : 
p1 p1-p2 - 
p2 - p2 0 
- (- -1) i f  p2 >> p m = g l ' -  = g 1  
, where 1 1 - - - -  1 -  
m '2 S s 
s = measured pumping speed i n  l i t e r s / s e c o n d  a t  gauge 2 
s = pumping speed of g e t t e r - i o n  pump t ak ing  i n t o  
m 
2 c o n s i d e r a t i o n  conductance g 
g1 = c a l c u l a t e d  conductance between gauge 1 and gauge 2 
i n  l i t e r s / s e c o n d  
g2 = c a l c u l a t e d  conductance between gauge 2 and g e t t e r - i o n  
Pump 
p1,p2 = measured p res su res  
po = u l t i m a t e  pressure  of g e t t e r - i o n  pump. 
'Landfors, L .  A. and Hablanian, M. H . ,  "Diffusion Pump Speed 
Measurements a t  Very Low Pressures ,"  Vac. Symp. Trans . ,  363-370 (1962). 
I -  
Mass spectrometer 
I I  .G, 
4 Diff. pump 
- -  -- - -   
Fig. 1.1. Schematic View of Vacuum System Used for Pumping Speed 
Measurements. 
BA: Bayard-Alpert ionization gauge 
G1, G2: Conductances 
Po, P1, P2: Pressures at corresponding points 
S: Measured and actual pumping speed sm 
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The vacuum system, with a volume of about two l i t e rs ,  w a s  
made of Pyrex g l a s s  (Corning 7740). Beginning a t  t h e  h igh  p res su re  
s i d e  (gas i n l e t )  i t  cons i s t ed  of t h e  fol lowing p a r t s :  Two all-metal 
va lves  (Granv i l l e -Ph i l l i p s )  were used i n  series t o  in t roduce  gas  from 
a one l i t e r  f l a s k  (Linde).  A Bayard-Alpert gauge serves as an ion- 
pump t o  keep t h e  p re s su re  between t h e  va lves  a t  10 t o  10 Torr .  
without  pumping, c'ne p re s su re  bu i lds  up io such v i i l u r ~  that the IS& 
ra te  through t h e  second va lve  is  h igher  than d e s i r e d  even i f  both va lves  
a r e  c losed  completely.  A Bayard-Alpert gauge measured t h e  p re s su re  a t  
t h e  beginning of t h e  ca l cu la t ed  conductance g a Schuemann suppressor  
gauge a t  i t s  end. This end was connected t o  t h e  g e t t e r - i o n  pump (15 
l i t e r s / s e c o n d  VacIon pump by Varian),  a p a r t i a l  p re s su re  ana lyzer  made 
by General Electr ic  and through a one-inch va lve  t o  an  o i l  d i f f u s i o n  
pump. Backstreaming o i l  w a s  trapped w i t h  a z e o l i t e  t r a p 8  which could 
be cooled wi th  l i q u i d  n i t rogen .  
-4 -6 
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The vacuum system w a s  brought t o  low p res su res  i n  the  follow- 
ing  way: Af t e r  glassblowing we baked t h e  z e o l i t e  t r a p  and t h e  ad jacen t  
g l a s s  tubing f o r  about  t h r e e  hours a t  300 C w i t h  a va lve  between 
system and t r a p  c losed .  Then the t r a p  w a s  cooled and immersed i n  
0 
Schuemann, W. C . ,  " Ion iza t ion  Vacuum Gauge w i t h  Photocurrent  
6 
Suppression, ' '  Rev. S c i .  I n s t r .  34.6, 700-702 (1963). 
7David, W .  D .  and Vandersl ice ,  T .  A . ,  "A S e n s i t i v e  High- 
Speed Mass Spectrometer f o r  Ultrahigh Vacuum Work," Vac. S v p .  Trans . ,  
417 (1960). 
Biondi,  M. A . ,  "High Speed Nonref r igera ted  I s o l a t i o n  T r a p s  8 
f o r  Ul t rah igh  Vacuum Systems,'t Rev. S c i .  I n s t r .  30.831 (1959). 
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0 l i q u i d  n i t rogen ,  and t h e  va lve  opened and t h e  system baked a t  300 C 
f o r  about  h a l f  a day. Then the gauges were outgassed a t  100 w a t t s  f o r  
10 hours  and t h e  whole c y c l e  repeated once more. One day a f t e r  f i n i s h -  
i n g  t h e  second outgass ing ,  pressures  around 1x10 Torr  were r e g u l a r l y  
obta ined .  Lange suggested t h i s  s e p a r a t i o n  of t r a p  and system dur ing  
bakeout which g ives  p re s su res  a t  l e a s t  one o rde r  of magnitude lower 
than  when t r a p  and system are baked a t  t h e  same t i m e .  Atmospheric 
helium d i f f u s i n g  through the  g l a s s  w a l l s  w a s  t h e  main r e s i d u a l  gas.  
-11 
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1.4 Resu l t s  
1.4.1 Pumping Speed 
We found i t  very d i f f i c u l t  t o  d e f i n e  t h e  pract ical  meaning 
of pumping speed f o r  g e t t e r - i o n  pumps. L i t e r a t u r e  s t u d i e s  and our 
own measurements showed c l e a r l y  that  it depends s t r o n g l y  on t h e  previous 
l i f e  of t h e  pump, e s p e c i a l l y  on t h e  type  and amount of gas  a l r e a d y  
pumped. It i s  impossible  t o  t a l k  about equ i l ib r ium cond i t ions  wi thout  
d e f i n i n g  them e x a c t l y ,  because when gas  i s  pumped f o r  an i n f i n i t e  t i m e  
even a t  very  low pres su res ,  the pump w i l l  f i n a l l y  s a t u r a t e ,  and t h e  
pumping speed w i l l  go  t o  zero ( see  F ig .  1 . 2 ) .  
been inves t iga t ed :  
Two d i f f e r e n t  cases have 
a) O p t i m i s t i c  Case: The vacuum system w a s  brought t o  t h e  
lowest p res su re  and the  gas  under cons ide ra t ion  introduced beginning 
w i t h  very  small i n f l u x .  A f t e r  w a i t i n g  f o r  about  10 minutes,  d a t a  were 
taken  and t h e  p re s su re  increased .  The pumping speed d i d  n o t  i n c r e a s e  
'Lange, W. J. To be publ i shed .  
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Fig. 1,2, Pumping Speed as a Function of Pumping Time of a Typical 
Getter-Ion Pump. 
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more than  20 p e r  c e n t  w i t h i n  10 minutes a f t e r  t ak ing  d a t a ;  on t h e  o the r  
hand, i t  d i d  n o t  reach  a s teady va lue  even a f t e r  hours .  
b) Pess imis t i c  Case: This  t i m e  t h e  p re s su re  w a s  decreased 
-6 
s t a r t i n g  from about  10 
t ak ing  d a t a .  
Torr ,  and w e  wzi ted  about 30 minutes be fo re  
Again t h e  pumping speed d i d  n o t  change s i g n i f i c a n t l y  when 
w a i t i n g  much longer .  
rnL - - - - --_ llle L u L v s  for pumpde;: 55 t he  ve1-c~e cxly,  without  a d d i t i o n a l  
10 gas  i n f l u x ,  must be somewhere between these  curves.  It  has  been found 
t h a t  t h i s  type of  pump i s  only capable  of pumping down a system of a 
few l i ters  t o  2 - 5x10 Torr .  - 10 
We measured t h e  pumping speed of a c l e a n  system wi thout  
apply ing  any vo l t age  t o  the  pump. 
5 l i t e r s / s e c o n d )  were found for  a t i m e  which corresponds t o  t h e  cover- 
age t i m e  f o r  one monolayer. Then it decreased cont inuously t o  zero .  
Fu r the r  experiments w i t h  d i f f e r e n t  gases  and d i f f e r e n t  pump t reat-  
ments are planned. This  r e s u l t  shows c l e a r l y  t h a t  a t  l eas t  the  low 
pres su re  p a r t  of our "opt imist ic"  pumping speed r e s u l t s  i s  s t r o n g l y  
inf luenced  by adso rp t ion  on c lean  s u r f a c e s  of  t h e  pump, and up t o  50 
pe r  c e n t  of t h e  measured speed can  be  accounted f o r  by t h i s  process .  
S u r p r i s i n g l y  h igh  va lues  (up t o  
The most meaningful r e s u l t  f o r  pumping speed i s  t h e r e f o r e  a 
curve  which g i v e s  t h e  pumping speed as a func t ion  of t i m e  a t  cons t an t  
p re s su re .  F ig .  1 . 2  shows some r e s u l t s ,  and f u r t h e r  measurements are 
being performed. The s a t u r a t i o n  of t h e  pump i s  c l e a r l y  v i s i b l e .  
"Rutherford, l oc .  c i t .  
9 
Fig.  1.3 shows l 'op t imis t ic l l  and " p e s s i m i s t i c "  curves  of  
pumping speed f o r  helium and n i t rogen .  Measurements f o r  o the r  gases  
w i l l  follow soon. The "pess imis t ic"  curve comes c l o s e r  t o  t h e  p r a c t i -  
ca l  a p p l i c a t i o n  where a system a t  forepump p res su re  has tc! be evacuated 
(from about  lX10-3 T o r r ) .  
a c t i o n  begins  a t  d i f f e r e n t  p re s su res  f o r  d i f f e r e n t  gases ,  The c r i t i ca l  
This curve  shows t h a t  t h e  onse t  of pumping 
p,re~suie  p w l i L c h  has b ~ e f i  def ined  in C l i e  I ~ t r ~ d ~ ~ t l ~ r  2 s  t h e  ~ T ~ Z E Z Z ~  
C'  
below which t h e  pumping speed decreases  r a p i d l y ,  depends a l s o  on the  
gas .  For helium, t h e  onset  and t h e  c r i t i c a l  p re s su re  i s  about two 
o r d e r s  of magnitude h ighe r  than f o r  n i t rogen .  
1.4.2 Pumping Speed v s .  Discharge I n t e n s i t y  and p s / I  
Table I giver; some va lues  f o r  t he  r a t i o  of gas  flow t o  e l e c -  
t r i c  c u r r e n t .  This  r a t i o  is cons tan t  f o r  a s i n g l e  curve on Fig .  1.3 
over  t h e  whole p re s su re  range ,  bu t  i t  d i f f e r s  from one gas  t o  another  
and also from ' rop t imis t i c l l  t o  l l p e s s i m i s t i c l '  case .  The d ischarge  in t en -  
s i t y  I / p  w a s  found t o  be propor t iona l  t o  t h e  pumping speed w i t h i n  t h e  
accuracy of  our measurements e 10 p e r  cen t  i n  g e n e r a l ) .  To inc rease  
t h e  pumping speed, i t  is  necessary t o  inc rease  the  pump c u r r e n t ,  I ,  a t  
a g iven  p res su re .  The a d d i t i o n  o f  e l e c t r o n s  by means of a h o t  f i l a -  
ment is  a s i m p l e  method. 
t 
14 
1 5  
1c 
0 
6 
4 
2 
0 
10 
I I 
J Optimistic - 
"2 L Pessimistic - - - - 
Optimistic - 
Pessimistic ---- 
I I 
10-11 10-10 10-9 10-8 
Pressure (Torr 1 
10-7 10-6 
Fig. 1.3. Pumping Speed as a Function of Pressure of a Typical Getter- 
Ion Pump 
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Table I 
I n v e s t i g a t e d  P res su res  p s / I  i n  
G a s  Process  Lowest Highest Molecules/charge 
He o p t i m i s t i c  I X ~ O - ~  li(1f6 o.w.1 
p e s s i m i s t i c  5X10'9 1x10-6 o.w.1 
o p t i m i s t i c  I X ~ O - ~ O  1 x 1 0 - ~  0.9fi.1 
net-imi a t i  r 3x1 0- 10 1x10'7 0.5H.1 
I N2 
r -- ---- ---I I 
1.4.3 Memory E f f e c t s  f o r  P rev ious ly  Pumped Gases 
The s a t u r a t i o n  of a pump (see Fig.  1 . 2 )  i s  one type of memory 
e f f e c t  which has  been i n v e s t i g a t e d .  
t h e  memory e f f e c t  i n  a pump which had pumped 10 T o r r - l i t e r  of helium. 
A f t e r  bakeout,  t h e  pump showed on ly  a very small spontaneous emission 
ra te .  However, as soon as it  s t a r t e d  t o  pump n i t r o g e n ,  t h e  bu r i ed  
helium w a s  r e s p u t t e r e d ,  and the helium p a r t i a l  p re s su re  w a s  always pro- 
p o r t i o n a l  and of t h e  same magnitude as t h a t  f o r  n i t r o g e n .  The r e v e r s e  
I n  ano the r  experiment w e  observed 
-2  
e f f e c t  could n o t  be found; i . e . ,  ear l ier  pumped n i t r o g e n  w a s  n o t  r e spu t -  
t e r e d  by helium i n  a n  apprec i ab le  amount. This  shows t h a t  helium i s  
mainly ion-pumped, n i t r o g e n  not.  
To erase t h e  pump memory f o r  helium, n i t r o g e n  w a s  introduced 
t o  such a h igh  p res su re  t h a t  t h e  pump operated a t  a n  i n p u t  of about 
200 w a t t s .  Resput ter ing and s t rong  h e a t i n g  reduced t h e  amount of 
helium which w a s  r e l e a s e d  under subsequent o p e r a t i o n  t o  a very small 
f r a c t i o n  compared t o  t h e  gas  which w a s  pumped. The cleanup process  
could be followed very n i c e l y  wi th  t h e  pa r t i a l  p r e s s u r e  ana lyze r .  
F u r t h e r  memory e f f e c t  i n v e s t i g a t i o n s  are planned. 
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1.4.4 Pump Models with Hot Cathode E l e c t r o n  Source 
There are s t r o n g  i n d i c a t i o n s  t h a t  t h e  dec rease  i n  pumping 
speed a t  Lowest p r e s s u r e s  is due t o  t h e  l a c k  of e l e c t r o n s  which could 
i o n i z e  t h e  few molecules l e f t  in  the pump volume or ,  i n  o t h e r  words, 
t h e  path l e n g t h  of t h e  e l e c t r o n s  i n  t h e  volume is  t o o  s h o r t  b e f o r e  they 
h i t  t h e  anode. By i n c r e a s i n g  the magnetic f i e l d  or t h e  anode c e l l  
diameter, Eut:iczfiirdl' c o i i ~  iiia<iitair; high p i z F i c g  sF2Cdz t: PressCree 
s e v e r a l  o r d e r s  of magnitude lower than  u s u a l .  On t h e  o t h e r  hand, t h e  
i n t r o d u c t i o n  of a d d i t i o n a l  e l e c t r o n s  by a ho t  f i l amen t  should have t h e  
same e f f e c t ,  and one could hope t o  maintain a reasonable  pumping speed 
t o  even lower p res su res  than  by changing t h e  pump parameters only.  
To check t h i s  hypothesis ,  pump models w i t h  a h o t  
e l e c t r o n  source were b u i l t .  Fig. 1.4 shows such a model. 
i s  taken from L a f f e r t y  who b u i l t  a ho t  cathode magnetron 
ve ry  s imilar  s t r u c t u r e  f o r  ope ra t ion  down t o  l X l O - I 4  Torr .  
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f i l amen t  
The i d e a  
i o n  gauge of 
Our ear l ier  
models had bad ou tgass ing  c h a r a c t e r i s t i c s ,  and only p r e s s u r e s  i n  t h e  
10 r eg ion  could be obtained.  W e  changed t o  an anode made from p l a t -  
-9 
inum i n s t e a d  of t i t an ium,  and the  f i l amen t  support  w a s  changed too .  
No r e s u l t s  have been found y e t .  
''1oc. c i t .  
I 2 L a f f e r t y ,  J.  M . ,  "A Hot Cathode Magnetron I o n i z a t i o n  Gauge 
f o r  t he  Measurement of U l t r a  High Vacua," Vac. S ~ P .  Trans. ,  97-103 
(1960). 
Thoriated tungste 
filament cathode 
13 
F i g .  1.4. Experimental Pump. 
14 . 
I 1 . 5  Conclusions 
The pumping speed of a getter- ion pump decreases w i t h  time. 
The most meaningful pumping speed curves are therefore those 
which give  the pumping speed as a function of tirne at  a given pressure. 
To increase the pumping speed a t  a given pressure, the elec- 
tric pump current has t o  be increased. A hot filament as an electron 
_^_..-^^ ' 
DuuLc-s is S U Y ; Y ; O S ~ ~  t~ ~ Z V C  t h i s  effect. 
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2. CROSSED FIELD MASS SPECTROMETER 
During the last six months, an idea for a new type of mass 
The theoretical performance has spectrometer has been investigated. 
been calculated and the first experimental model built and operating. 
It is hoped that this mass spectrometer will have a sensitivity of 
I G - ~  zZP,s/TDii and 2 i e s o l t i t i D n  cf 25. ~t ---.-- L G ~ I L L L ~ S  E D  ~ ~ r e  electiDEics 
than a Bayard-Alpert gauge and could read well into the ultrahigh vacuum 
region without an electron multiplier. The results of the tests which 
will be performed on this instrument will appear in the next report. 
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3. HIGH-RESOLUTION SECONDARY EMISSION 
3.1 I n t r o d u c t i o n  
Secondary emission has been t h e  o b j e c t  of a g r e a t  d e a l  of 
Although s tudy  s i n c e  i t s  d i scove ry  around t h e  t u r n  of t h e  century.  
of g r e a t  p r a c t i c a l  importance,  t h i s  work has  n o t  c o n t r i b u t e d  g r e a t l y  
to  our understanding of t he  solid state  or surfaces.  The primary 
r easons  f o r  t h i s  are: 
a ,  The l a c k  of c o n t r o l .  
It was e a r l y  recognized t h a t  secondary emission i s  s t r o n g l y  
dependent on t h e  cond i t ion  o f  t h e  s u r f a c e ;  however, i t  has  
only been i n  t h e  p a s t  few y e a r s  t h a t  t h e  techniques of 
u l t r a h i g h  vacuum and su r face  p r e p a r a t i o n  have been developed 
t o  a degree s u f f i c i e n t l y  s o p h i s t i c a t e d  t o  allow good c o n t r o l  
over s u r f a c e  experiments. 
b. Poor r e s o l u t i o n .  
Typ ica l ly ,  secondary experiments have c o n s i s t e d  of a source 
of e l e c t r o n s  (a ho t  f i l amen t ) ,  a means f o r  focusing t h e s e  
onto a t a r g e t ,  and some type  of ana lyze r  t o  determine t h e  
energy d i s t r i b u t i o n  of t h e  e j e c t e d  e l e c t r o n s .  I n  such an  
arrangement, t h e  b e s t  r e s o l u t i o n  t h a t  can be achieved i s  
equa l  t o  t h e  thermal spread of t h e  i n c i d e n t  beam ( x . 2  e V )  . 
c.  The l a c k  of s u b s t a n t i a l  t h e o r e t i c a l  support .  
The d i f f i c u l t y  of meaningful c a l c u l a t i o n s  on s u r f a c e  prob- 
l e m s  has  i n  gene ra l  made the  f i e l d  u n a t t r a c t i v e  t o  
17 
t h e o r e t i c i a n s .  There has  been some change i n  t h i s  a t t i t u d e  
r e c e n t l y ,  however, and hope fu l ly  t h i s  p o s i t i v e  t r e n d  w i l l  
cont inue.  
Many d i f f i c u l t i e s  have been s u b s t a n t i a l l y  e l imina ted  during 
t h e  p a s t  few y e a r s ,  and i t  seems t h a t  secondary emission can be a ve ry  
.. ,,efu!. n tos l  fsr the study of a nsxber cf pmcesses. S z e  of the 
p o s s i b i l i t i e s  w i l l  be discussed b r i e f l y .  
The secondary e l e c t r o n s  l eav ing  a s u r f a c e  can be d iv ided  i n t o  
two broad c l a s s e s :  t h e  primary e l e c t r o n s  s c a t t e r e d  ( e l a s t i c a l l y  o r  
i n e l a s t i c a l l y )  from t h e  s u r f a c s  and e l e c t r o n s  e x c i t e d  from t h e  s u r f a c e  
due t o  t h e  p r imar i e s .  This  c l a s s i f i c a t i o n  i s  d i f f e r e n t  from t h e  normal 
" t r u e  secondary" and "elastic" d i v i s i o n .  The t r u l y  e l a s t i c a l l y  s c a t t e r e d  
e l e c t r o n s  c o n s t i t u t e  a s m a l l  p a r t  of t h e  t o t a l  s econda r i e s .  This  
e l a s t i c  process  involves  a t r a n s i t i o n  i n  which t h e  whole l a t t i c e  t a k e s  
up t h e  momentum change i n  t h e  c o l l i s i o n ,  much i n  t h e  same manner as 
i n  t h e  Mb'ssbauer e f f e c t .  
s c a t t e r e d  e l e c t r o n s  (and w i t h  t y p i c a l  r e s o l u t i o n s  i n d i s t i n g u i s h a b l e  
from t h e  e l a s t i c  con ten t )  are "almost" e l a s t i c a l l y  s c a t t e r e d  e l e c t r o n s ,  
i . e . ,  e l e c t r o n s  t h a t  s c a t t e r  with t h e  emission o r  adso rp t ion  of a phonon 
( v i r t u a l  o r  real) .  
r e s o l u t i o n  t o  s tudy t h i s  second type of s c a t t e r i n g  i n  d e t a i l .  I n  
p a r t i c u l a r ,  i t  should be poss ib l e  t o  s tudy t h e  e x c i t a t i o n  of t h e  v i b r a -  
t i o n a l  s ta tes  of adsorbed gas  s p e c i e  on t h e  s u r f a c e .  
Grouped c l o s e l y  around t h e s e  t r u l y  e l a s t i c a l l y  
It should be p o s s i b l e ,  t hen ,  w i t h  a system of adequate 
I n  a d d i t i o n  t o  v i b r a t i o n a l  s t a t e s ,  t h e  adsorbed atoms on 
s u r f a c e s  have e l e c t r o n i c  t r a n s i t i o n s  a v a i l a b l e  f o r  e x c i t a t i o n .  It i s  
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f e l t  t h a t  t h e s e  t r a n s i t i o n s  can  a l s o  be d e t e c t e d  by secondary emission 
s t u d i e s .  
The e x c i t a t i o n  of plasmons by e l e c t r o n  impact has been observed 
by numerous experimenters .  I n  g e n e r a l ,  t h e  measurements have s u f f e r e d  
from t h e  l a c k  of good c o n t r o l  of t h e  s u r f a c e  contamination. Again, a n  
experiment under good c o n t r o l  and w i t h  high r e s o l u t i o n  can y i e l d  much 
important information concerning t h e  i n t e n s i t y  of t h e  plasmon e x c i t a t i o n  
as a func t ion  of t h e  primary energy, t he  width of t h e  p lasma e x c i t a t i o n  
as a func t ion  of t h e  primary energy, and the i n f l u e n c e  of s u r f a c e  coverage 
and su r face  damage. 
Other p rocesses  which can g i v e  r i s e  t o  d i s c r e t e  energy losses 
are t h e  e x c i t a t i o n s  of :  a )  o p t i c a l  d e f e c t s ,  b )  donor and accep to r  
l e v e l s  i n  semiconductors, c) Tam type s u r f a c e  states,  and d )  i n n e r  
c o r e  states. The on ly  type of a l l  of t h e  above p rocesses  which has  
been observed and i d e n t i f i e d  i s  t h e  plasmon e x c i t a t i o n .  We cannot 
say 5 p r i o r i  which of t h e  mechanisms w i l l  d e f i n i t e l y  be amenable f o r  
s tudy by t h i s  technique;  however, over t h e  e n t i r e  energy range a v a i l a b l e ,  
i t  seems l i k e l y  t h a t  most of  them can a t  least  be observed. I n  
p a r t i c u l a r ,  i f  t h e  energy loss s p e c t r a  shows c h a r a c t e r i s t i c  s t r u c t u r e  
f o r  adsorbed gas  specie, we w i l l  have a v a i l a b l e  a q u a n t i t a t i v e  t o o l  
f o r  t h e  s tudy of gas - su r face  r e a c t i o n s .  
A l l  of t h e  above mechanisms would r e s u l t  i n  e l e c t r o n s  eman- 
a t i n g  from t h e  s u r f a c e  w i t h  c h a r a c t e r i s t i c  energy l o s s e s  below t h e  
primary energy ( t h e  f i r s t  c l a s s  of e l e c t r o n s ) .  The second class of 
e l e c t r o n s  would a l s o  be a valuable  source of information concerning 
t h e  i n t e r a c t i o n  of e l e c t r o n s  with e l e c t r o n s  and w i t h  phonons. 
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This  i s  a b r i e f  l i s t i n g  of t h e  types  o f  processes  which we 
expect  t o  observe and s tudy.  A b r i e f  d e s c r i p t i o n  of t h e  instrument  
cons t ruc t ed  f o r  t h i s  work follows. 
3.2 Experimental Appara tus  
A schematic of t h e  apparatus  c o n s t r u c t e d  f o r  h i g h - r e s o l u t i o n  
s t u d i e s  of secondary e l e c t r o n  emission is shown i n  F ig .  3.1. E l e c t r o n s  
p a s s  from t h e  e l e c t r o n  source  i n t o  t h e  f i r s t  energy ana lyze r  (monochro- 
mator),  t h e  e l e c t r o n s  from t h e  monochromator s t r i k e  t h e  t a r g e t  and 
produce secondary e l e c t r o n s .  Those secondar i e s  l eav ing  t h e  t a r g e t  a t  
t h e  proper ang le  e n t e r  t h e  second ana lyze r  ( ana lyze r ) ,  which determines 
t h e  energy d i s t r i b u t i o n  of these e l e c t r o n s .  An e l e c t r o n  m u l t i p l i e r  
i s  used as t h e  d e t e c t o r  of t h e  e l e c t r o n s  l eav ing  t h e  ana lyze r ,  and e i t h e r  
an e l e c t r o m e t e r  or count ing techniques can  be used t o  monitor t h e  out- 
put  of t h e  m u l t i p l i e r .  
Fig.  3.2 is a more d e t a i l e d  drawing of t h e  appa ra tus .  With 
t h i s  drawing i n  mind, several design c o n s i d e r a t i o n s  w i l l  be d i scussed .  
Since w e  want t o  work t o  very low e n e r g i e s ,  i t  is  necessary t h a t  con- 
s i d e r a b l e  care be exe rc i sed  t o  minimize the  d e l e t e r i o u s  e f f e c t s  of 
magnetic f i e l d s  and space charge. To i l l u s t r a t e ,  t h e  r a d i u s  of curva- 
t u r e  of 1 e V  e l e c t r o n s  i n  a 500 m i l l i g a u s s  f i e l d  i s  about 6 c e n t i m e t e r s ,  
and an e l e c t r o n  d e n s i t y  of lo6 electrons/cm3 changes t h e  p o t e n t i a l  from 
t h e  vacuum va lue  by 2 .25  v o l t s  i n  one cen t ime te r .  
3 .2 .1  Magnetic F i e l d s  
C l e a r l y ,  t h e  e a r t h ' s  magnetic f i e l d  must no t  e n t e r  t h e  working 
region.  A s h i e l d  s t r u c t u r e  c o n s i s t i n g  of t h r e e  c o n c e n t r i c  boxes 
Analvsers i 
Tar get chamber 
I 
/Pierce 
electron gun 1 
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Target lift 
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' Electron mu I tip1 ier -vacuum flange 
Fig. 3 . 1 .  Schematic of the Secondary Electron Experiment, showing 
the electron gun, the analyzers, and the electron 
mult ipl ier  arrangement. 
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Monochromator 
Collection plates Deflection plates (grids) 
I 
Target chamber 
Fig. 3.2. Schematic of the Monochromator-Analyzer System, showing 
the deflection p l a t e  grids and the electron collection 
plates. 
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cons t ruc t ed  of h igh  permeabi l i ty  CoNetic AA material 
from happening. C a l c u l a t i o n s ,  based on t h e  r a d i i  of 
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p reven t s  t h i s  
cu rva tu re  due t o  
magnetic f i e l d s ,  show t h a t  t h e  f i e l d  i n  the  appa ra tus  must be less 
than  a few nilligauss f o r  1 v o l t  e l e c t r o n s  t o  pas s  through t h e  appa ra tus  
wi thou t  consequen t i a l  pe r tu rba t ion .  
rise t o  a magnetic f i e l d  i n  an extremely c r i t i c a l  r eg ion ,  s i n c e  t h e  
The cathode h e a t i n g  c u r r e n t  g i v e s  
eReT0" O J  nf the electrolls is ver:7 1% R e l r  the czthnrle- Fig .  3 . 3  EhorJS 
f i e l d  ve r sus  d i s t a n c e  f o r  a s i n g l e  w i r e  and a d i p o l e  w i r e  each c a r r y i n g  
0 .1  ampere. An i n d i r e c t l y  heated cathode w i t h  a twelve-pole h e a t e r  i s  
used. The f i e l d  from t h i s  h e a t e r  drops o f f  much more r a p i d l y  than  t h a t  
of t h e  d i p o l e .  
3 . 2 . 2  Space Charge 
We have taken s e v e r a l  p recau t ions  t o  minimize t h e  e f f e c t s  
of space charge.  F i r s t  t he  e l e c t r o n  source i s  a P i e r c e  e l e c t r o n  gun 
which matches p o t e n t i a l  between Laplace and Poisson r eg ions  so t h a t  t h e  
beam moves paral le l  t o  t h e  axis o f  t h e  gun. 
cathode produces e l e c t r o n s  w i t h  a s u b s t a n t i a l l y  narrower thermal energy 
d i s t r i b u t i o n  than  high temperature cathodes.  (The i n d i r e c t l y  heated 
cathode a l s o  prevents  I R  drops and t h e  a s s o c i a t e d  energy spread.)  
Fig.  3 . 4  shows dI/dE f o r  t w o  cathodes,  one w i t h  a work f u n c t i o n  t h r e e  
t i m e s  t he  o t h e r .  The cu rves  are normalized so t h a t  dI/dE i n  bo th  cases 
U s e  of a l o w  temperature  
i s  t h e  same i n  t h e  r e g i o n  of t h e  maximum, where t h e  monochromator is  
tuned. The conc lus ions  one can draw are: I f  (pl = K r p 2 ,  T must n e a r l y  
equa l  KT 
t o t a l  emit ted c u r r e n t  from cathode one i s  K times t h e  t o t a l  c u r r e n t  from 
1 
i n  o r d e r  f o r  (dI/dE)l max = (dI /dE)2 max. I f  T1 = KT2, t h e  2 
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Fig. 3.4. Energy Distribution of Electron Thermally Emitted from 
Cathodes with Work Functions of 1.0 and 3.0 Volts. 
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cathode two. However, t h e  e f f e c t i v e  c u r r e n t ,  t h a t  i s  t h e  va lue  a t  
t h e  maximum of t h e  d i s t r i b u t i o n ,  is  t h e  same i n  both cases. Since 
t h e  monochromator accepts only a 20 mV s l i ce  of t h e  t o t a l  c u r r e n t ,  t h e r e  
is approximately K t imes as much unwanted c u r r e n t  i n  t h e  case of cathode 
two as f o r  cathode one. Thus, t h e  low temperature  cathode i s  e f f e c t i v e  
i n  reducing space charge.  
A -  ,+L, ..CC,-e L- --3 ___-  -I ---- 
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c o l l e c t i o n  p l a t e s  behind them c o n s t i t u t e  s e v e r a l  of t h e  e l e c t r o d e s  of 
t h e  appa ra tus .  The c o l l e c t i o n  plates w i l l  a t t r ac t  spu r ious  e l e c t r o n s  
which s t r i k e  t h e i r  s u r f a c e s ,  preventing t h e  e l e c t r o n s  from r e - e n t e r i n g  
t h e  beam reg ion .  The g r i d  s t r u c t u r e s  are inco rpora t ed  a t  t h e  ou tpu t  
of t h e  P i e r c e  gun, as t h e  d e f l e c t i n g  p l a t e s  i n  t h e  monochromator and 
a n a l y z e r ,  and i n  t h e  t a r g e t  chamber. The use  of g r i d s  as t h e  d e f l e c t i o n  
p l a t e s  i n  t h e  monochromator i s  e s p e c i a l l y  important ,  s i n c e  space charge 
can be e s p e c i a l l y  high i n  t h i s  region.  
F ig .  3.5 i l l u s t r a t e s  why t h e  g r i d s  should be spaced as c l o s e l y  
as i s  reasonable .  The p o t e n t i a l  curve i s  drawn assuming t h e  two g r i d s  
are a t  t h e  same p o t e n t i a l .  The p a r a b o l i c  p o r t i o n  of t h e  curve shows t h e  
v a r i a t i o n  of V a c r o s s  t h e  space charge r eg ion .  The sloped s t r a i g h t  
l i n e  p o r t i o n  i s  due t o  t h e  E f i e l d  which extends from t h e  s h e e t  of space 
charge t o  each of t h e  g r i d s .  Since the  E f i e l d  depends only on t h e  
cha rge /a rea  i n  t h e  s h e e t ,  t h e  s lope remains the  same as g r i d  spac ing  
changes. But t h e  i n t e g r a l  of the s l o p e  i s  t h e  v o l t a g e  and changes as 
Mermet, P. and Kerwin, L . ,  Can. J. Phys. ,  38, 787 (1960). 
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Fig. 3 . 5 .  Potential Produced by a Uniform Sheet of Space Charge. 
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t h e  spacing changes. 
of t he  beam t o  cause  g r e a t e r  changes i n  the  p o t e n t i a l  i n  t h e  r eg ion  
of t h e  beam. This e f f e c t  causes e l e c t r o n s  t o  have less k i n e t i c  energy 
than  they would have wi thout  space-charge and can s e r i o u s l y  a f f e c t  t h e  
ope ra t ion  of t h e  ana lyze r  a t  low e l e c t r o n  ene rg ie s .  (Note tha t  t h e  
t h e o r e t i c a l  r e s o l u t i o n  of the analyzer  a t  1 v o l t  i s  0.02 v o l t  which 
Thus, wider g r i d  spacing allows t h e  charge d e n s i t y  
is t h e  SZEe magcitude 88 the sp3ce charge depressicn.) 
3 . 2 . 3  Operat ion 
There a r e  s e v e r a l  modes of opera t ion  of t h e  appara tus .  
F ig .  3.6 shows v o l t a g e  connect ions t o  t h e  system. Some t y p i c a l  modes 
a r e  : 
1) With S a t  a and VSHIFT = 0 ,  one can sweep p and o b t a i n  1 
t h e  energy d i s t r i b u t i o n  of e l e c t r o n s  coming from t h e  t a r g e t  for any 
primary energy chosen. 
2) Doing the  above with a p o s i t i v e  va lue  of V SHIFT 
moves t h e  d i s t r i b u t i o n ,  obtained by procedure l), over a d i s t a n c e  
from ze ro .  
'SHIFT 
3) With SI a t  a, VSHIFT = 0,  and p set t o  a given pass  energy,  
one can o b t a i n  t h e  v a r i a t i o n  of t h e  he igh t  of a peak (say from an  Auger 
process)  a t  a g iven  energy above t h e  vacuum level of t h e  t a r g e t  as a 
func t ion  of t h e  primary energy. 
4) With S a t  b and VSHIFT = 0, varying p allows one t o  1 
cont inuous ly  observe t h e  he ight  of a peak a t  some f i x e d  vo l t age  V Loss 
below t h e  primary energy as a func t ion  of t h e  primary energy.  
I 
I 
I 
I 
c h+ 
Fig. 3.6. Schematic of the Monochromator-Analyzer System, showing 
the electrical connections to the pertinent electrodes. 
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5) The energy d i s t r i b u t i o n  of I) and 2) can be obtained 
wi thou t  sweeping f (and t h u s  varying t h e  ana lyze r  r e s o l u t i o n ,  which 
goes as IjV). This  i s  done by s e t t i n g  p t o  some va lue  and sweeping 
t o  b r i n g  t h e  e l e c t r o n s  t o  t h e  acceptance energy of t h e  ana lyze r .  
'SHIFT 
Th i s  of cour se  r e q u i r e s  a c c e l e r a t i o n  and d e c e l e r a t i o n  between t h e  tar- 
g e t  chamber and t h e  second ana lyze r .  A h igh  t r ansmiss ion  g r i d  w i t h  
w i r e s  iransverse iu tile slii- C i i L e c t i C i i  is placed ~ C E G S S  the exit of 
t h e  t a r g e t  chamber. With t h i s  g r i d  i n  p l a c e ,  t h e  e lec t r ic  f i e l d  i s  
uniform where important and t h e  e l e c t r o n  t r a j e c t o r i e s  can be c a l c u l a t e d .  
A computer program w a s  w r i t t e n  t o  f i n d  t h e  t r a n s f e r  r a t i o  of e l e c t r o n s  
a b l e  t o  g e t  from t a r g e t  i n t o  t h e  second ana lyze r  (wi th  angle  of en t r ance  
of less than  12 3.5'1) f o r  va r ious  a c c e l e r a t i o n  and d e c e l e r a t i o n  
v o l t a g e s .  F ig .  3.7 shows t hese  r e s u l t s  w i t h  t h e  t r a n s f e r  r a t i o  normal- 
i z e d  t o  one f o r  z e r o  a c c e l e r a t i o n .  
3.2.4 Computer Control 
This  experiment ope ra t e s  under computer c o n t r o l .  
of t h e  c o n t r o l  system is  shown i n  F ig .  3 . 8 .  The b a s i c  ope ra t ion  i s  
very s imilar  t o  a mult ichannel  ana lyze r  operated i n  t h e  m u l t i s c a l i n g  
mode. A d i g i t a l - a n a l o g  conve r t e r  i s  s tepped by t h e  computer through 
128 channels ,  a coun te r  i s  operated f o r  a p r e s e t  t i m e  i n  each of t h e  
channels ,  and t h e  number of counts  i s  s t o r e d  i n  temporary memory i n  
t h e  computer. This  d a t a  can then be analyzed by t h e  computer and d i s -  
played on a t e l e v i s i o n  monitor a t  t h e  l o c a t i o n  of t h e  experiment.  The 
whole o p e r a t i o n  i s  c o n t r o l l e d  by a t e l e t y p e  keyse t  a l s o  l o c a t e d  a t  t h e  
experiment.  I n  a d d i t i o n  t o  c a l l i n g  t o  t h e  experiment programs w r i t t e n  
A schematic 
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previously for the analysis of the data, Fortran statements can be 
written on the teletype keyset for performing analysis which was 
not anticipated. 
of experimentation. These general aspects will be studied and consti- 
tute a substantial part of this portion of the program. 
There are a number of significant aspects to this type 
The computer-control part of this experiment is being done 
i ~ ?  ceeperition w i t h  t h e  PLATO teaching machine program of the Labora- 
tory. 
system. 
been due also in large part to the PLATO group. 
The major portion of the buffer equipment is a part of that 
Programming and design of additional buffer equipment have 
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4 .  ANGULAR DISTRIBUTION OF AUGER ELECTRONS 
1 
Although t h e  Auger n e u t r a l i z a t i o n  e f f e c t  has been s tud ied  
e x t e n s i v e l y  du r ing  t h e  last few y e a r s ,  a number of important ques t ions  
s t i l l  remain unanswered. Among t h e s e  are: 
(1) What is  t h e  angular d i s t r i b u t i o n  of e j e c t e d  e l e c t r o n s ?  
(2) To what degree does  t h e  i n t e r a c t i o n  between Auger and 
conduction band e l e c t r o n s  i n f l u e n c e  t h e  e f f e c t ?  
( 3 )  To what degree does the  c r y s t a l  s t r u c t u r e  in f luence  t h e  
e f f e c t ?  
(4) How does t h e  e f f e c t  depend on t h e  angle  of incidence of 
t h e  ion  beam? 
An appa ra tus  i s  being designed t o  perform t h r e e  types of 
s u r f a c e  s t u d i e s  on a given c r y s t a l l i n e  s u r f a c e  i n  s i t u .  The t h r e e  
measurements are: 
(1) Auger n e u t r a l i z a t i o n  
(2)  E l e c t r o n  d i f f r a c t i o n  
(3)  Secondary e l e c t r o n  emission. 
It i s  hoped t h e  c o r r e l a t i o n  of t h e s e  t h r e e  types  of measure- 
2 
ments w i l l  provide d e f i n i t i v e  answers t o  t h e  above q u e s t i o n s .  This 
s tudy ,  i n  con junc t ion  wi th  t h e  experiments desc r ibed  i n  t h e  previous 
'C. S .  L. Technical Report, R-161 e 
H. Bruining, Physics and App l i ca t ions  of Secondary E l e c t r o n  2 
Emission, Pergamon P r e s s ,  New York, 1954. 
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s e c t i o n s ,  should a l s o  provide a more coherent  p i c t u r e  of  s u r f a c e s  and 
s u r f a c e  i n t e r a c t i o n s .  
The appara tus  i s  shown schemat ica l ly  i n  F ig .  4.1. Low energy 
(C200 ev) i o n s  or e l e c t r o n s  impinge on a s i n g l e  c r y s t a l ,  tungs ten  
t a r g e t . 3  
t h e  s h i e l d  and are c o l l e c t e d  by a c o l l e c t o r  of t h e  Faraday cage or 
o t h e r  des ign .  
d i r e c t  measurement of t he  energy d i s t r i b u t i o n  of t he  e j e c t e d  e l e c t r o n s .  
This i s  accomplished by modulating the  e j e c t e d  e l e c t r o n  beam and us ing  
an  A.C. d e t e c t i o n  technique similar t o  t h e  one descr ibed  i n  a previous 
r e p o r t .  
The s c a t t e r e d  or e j e c t e d  e l e c t r o n s  p a s s  through a s l o t  i n  
Two g r i d s  a t tached  t o  the c o i i e c t o r  make p o s s i b l e  Che 
4 
The azimuthal  ang le ,  cp,  i s  va r i ed  by r o t a t i n g  t h e  t a r g e t .  
The l a t i t u d i n a l  ang le ,  8, is var ied  by r o t a t i n g  t h e  c o l l e c t o r .  
con f igu ra t ion  shown i n  F ig .  4.1, i n t e r f e r e n c e  between t h e  i o n  gun and 
c o l l e c t o r  makes measurement of t h e  d i s t r i b u t i o n  impossible  f o r  approxi-  
mately 15' of t h e  l a t i t u d i n a l  angle .  
d i s t r i b u t i o n  does n o t  depend s i g n i f i c a n t l y  on t h e  angle  of inc idence  
of t h e  i o n  beam, a second experimental  conf igu ra t ion  w i l l  be used.  
I n  t h i s  c o n f i g u r a t i o n  t h e  impinging ion  or  e l e c t r o n  beam w i l l  be a t  
an ang le  of about  15 re la t ive  t o  a l i n e  normal t o  t h e  t a r g e t  su r f ace .  
With t h i s  arrangement,  it w i l l  be poss ib l e  t o  measure t h e  e j e c t e d  elec- 
t r o n  i n t e n s i t y  over  t he  e n t i r e  2 n  s t e r a d i a n s .  
I n  t h e  
I f  it i s  found t h a t  t h e  angular 
0 
G. T i b b e t t s  and F. M.  P rops t ,  R.S.J. 34, No. 11, 1268-1269. 3 
March, A p r i l ,  May 1963 Progress  Report ,  p. 16. 4 
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Fig. 4.1. Schematic of angular distribution Gxperiment. 
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I n  o rde r  t o  r o t a t e  the Faraday cage and tungsten t a r g e t ,  an 
u l t r a h i g h  vacuum r o t a r y  motion feedthrough, o r  vacuum crank,  has  been 
designed.  Two such c ranks  are being cons t ruc t ed  i n  t h e  C.S.L. shop. 
A schematic of t h e  c rank  i s  shown i n  Fig.  4.2. 
The d o t t e d  l i n e  p i c t u r e  shows t h e  p o s i t i o n  of t h e  d r i v e  s h a f t  
0 and bushing assembly when t h e  crank has been turned through 180 rela- 
ti.?!? to +_!?e sclic! liIle pirtnre.  The pair!+_ A is fixe6 or! the dri..le chzft  
and does not r o t a t e  r e l a t i v e  t o  t h e  vacuum system. The d r i v e  s h a f t  i s  
f r e e  t o t u r n  i n  t h e  bushing assembly and d r i v e s  t h e  r o t a r y  ou tpu t  v i a  
a s l o t  i n  t h e  d i s k .  
For bakeout t he  e n t i r e  d r i v i n g  mechanism i s  s l ipped  o f f  by 
removing the  b o l t s  and ho ld ing  t h e  support  p o s t s  t o  t h e  bellows f l ange  
and by removing t h e  n u t  on t h e  d r i v e  s h a f t .  A clamp has been designed 
t o  keep t h e  bellows from c o l l a p s i n g  due t o  atmospheric p re s su re .  The 
c rank  should allow a c c u r a t e  p o s i t i o n i n g  of coun te r  and t a r g e t ,  easy 
angu la r  c a l i b r a t i o n ,  smooth r o t a r y  motion, and long bellows l i f e .  
37 
Fig. 4.2. Schematic of rotary motion feedthrough illustrating principle 
of operation. 
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5.  STUDY OF THE ADSORPTION OF GASES ON METALS 
Much of t h e  work t h a t  has  been done on t h e  adso rp t ion  of 
g a s e s  on metallic s u r f a c e s  h a s  s u f f e r e d  from t h e  i n h e r e n t  l i m i t a t i o n s  
of t h e  s t anda rd  methods. Coverage, 8, t h e  f r a c t i o n  of p o s s i b l e  
adso rp t ion  sites which are f i l l e d  by g a s  atoms, is t h e  q u a n t i t y  
whose meqsiurement is most necessary.  
When gas  is  adsorbed on t h e  s u r f a c e ,  t h e r e  is  a real ignment  
of t h e  e l e c t r o n i c  bonds on t h e  s u r f a c e  metal atoms. 
change i n  work func t ion ,  c l o s e l y  r e l a t e d  t o  0 ,  may then  be measured 
by many methods, a l l  of which a r e  r a t h e r  d i f f i c u l t .  F i e l d  emission 
s t u d i e s  have given d i r e c t ,  b u t  d i f f i c u l t  t o  reproduce, information 
about adsorbed s u r f a c e  atoms. E l e c t r o n  d i f f r a c t i o n  a l s o  has  been 
s u c c e s s f u l l y  used; however, t h i s  technique f a i l s  when t h e  s c a t t e r i n g  
f a c t o r  of t h e  adsorbed s p e c i e s  i s  much smaller than  t h a t  of t h e  sub- 
s t ra te ,  o r  when t h e  adsorbed gas r e p l i c a t e s  t h e  c r y s t a l l o g r a p h i c  s t r u c -  
t u r e  of t he  s u b s t r a t e .  
The r e s u l t i n g  
One of t h e  most commonly used techniques i s  t h e  f l a s h i n g  of 
a metal f i l amen t  t o  d r i v e  o f f  t he  adsorbed gases  and then  measuring 
t h e  consequent p re s su re  rise w i t h i n  t h e  system.' 
extreme p recau t ions  i n  r e l a t i n g  t h e  p re s su re  r ise t o  8.  Furthermore,  
as long, t h i n  f i l a m e n t s  are used, s p e c i f i c  c r y s t a l l i n e  f a c e s  are n o t  
a v a i l a b l e .  Since field-ion-microscope s t u d i e s  i n d i c a t e  t h a t  t h e  
This method r e q u i r e s  
E h r l i c h ,  Journ.  Chem. Ph. 34 No. 1, p.  29. 1 
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adso rp t ion  of gases  h a s  d i f f e r e n t  c h a r a c t e r i s t i c s  on t h e  d i f f e r e n t  
c r y s t a l  f a c e s ,  t h i s  method l eaves  many ques t ions  unanswered. 
Migrat ion of t h e  gas  atoms o f f  t h e  end of t h e  f i l amen t  when 
d e s o r p t i v e  h e a t i n g  h a s  begun can a l s o  dec rease  t h e  amount of gas  
evolved, t hus  decreasing the  value obtained f o r  t h e  d e s o r p t i o n  c o n s t a n t .  
We i n t e n d  to u s e  t h e  Auger p rocess  (emission of e l e c t r o n s  
5;' Isz e n ~ r g y  1 ~ 1 ~ 1 d n ~ t  ions) to mcas~_~rp the deztee of s u r f a c e  coverage. 
+ I n  t h e  c l e a n  s u r f a c e  case, He i o n s  i n c i d e n t  on a metal i n t e r a c t  w i t h  
two e l e c t r o n s  from t h e  metal 's  conduction band. One of t h e  e l e c t r o n s  
drops i n t o  t h e  empty level,  n e u t r a l i z i n g  t h e  He i on ,  and t h e  o t h e r  
adso rbs  t h e  energy r e l e a s e d  i n  t h e  process ,  u l t i m a t e l y  being e j e c t e d  
from the  metal i n  about t of the cases. 
+ 
The r a t i o ,  
e l e c t r o n s  e j e c t e d  
i n c i d e n t  i o n s  Y =  
i s  c a l l e d  t h e  "Auger yield." Propst' has  suggested t h a t  when gases  
are absorbed on t h e  tungs t en ,  the secondary e l e c t r o n s  a t t empt ing  t o  
escape t h e  metal are s c a t t e r e d  back i n t o  t h e  metal w i t h  a p r o b a b i l i t y  
dependent on the  coverage. Experimentally,  8 i s  found t o  dec rease  
almost l i n e a r l y  w i t h  inc reas ing  coverage u n t i l  t h e r e  i s  about one mono- 
l a y e r  of adsorbed gas  on the  su r face .  
Thus, a n  obse rva t ion  of y g i v e s  a d i r e c t  and s e n s i t i v e  measure 
of 8 ,  s i n c e  t h e  amount o f  high energy secondar i e s  may dec rease  by a 
f a c t o r  of 3 o r  more w i t h  adso rp t ion  of one monolayer 
P rops t ,  F. M.  and Lsscher,  E . ,  Phys. Rev. 2 
pp. 1037-1046, 1963. 
of gas.  Since 
132, No. 3., 
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only a small area of tungsten need b e  observed, i t  i s  p o s s i b l e  t o  use  
s i n g l e  c r y s t a l  material. 
The appa ra tus  shown i n  F ig .  5.1 i s  now under c o n s t r u c t i o n .  
B a s i c a l l y ,  w e  w i l l  u se  an e l e c t r o n  impact Helium ion  source,  l ead ing  
t o  a c y l i n d r i c a l  l e n s  which focuses t h e  i o n s  onto t h e  t a r g e t .  The 
t a r g e t  i s  a s i n g l e - c r y s t a l  tungsten r ibbon mounted on two h e a t i n g  l e a d s  
--l.:-l. W ' . l r L L . I  n--- FCLU" U A A C ' b L J  d 4 r n - t l x r  i - tn  A&.-- 2 l i n r r i r l  ---- nitrngon .----- c c ~ l _ i n g  h=ch. If +_he inn 
c u r r e n t  i s  he ld  c o n s t a n t  by a feedback loop t o  t h e  i o n  source,  t hen  Y 
i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  c u r r e n t  from the  c o l l e c t o r  e l e c t r o d e .  
The simple model o f  deso rp t ion  process  i s  analagous t o  t h e  
problem of a par t ic le  v i b r a t i n g  w i t h  a frequency u i n  a p o t e n t i a l  w e l l  
of depth EB. An approximation t o  t h e  escape p r o b a b i l i t y  w i l l  be,  
B(T) = ue  
I f  t h e r e  are s e v e r a l  p o s s i b l e  types of 
s u r f a c e ,  as i s  
We w 
suspected,  
B(T) = C u .  e 
1 i 
11 i l l u s t r a t e  the exper 
-EB/kT 
bonding w e l l s  a v a i l a b l e  on t h e  
d e s o r p t i o n  of a monatomic gas  from t h e  
-E Bi /kT 
mental technique by cons ide r ing  
s u r f a c e .  F i r s t  w e  f l a s h  t h e  
A t  t i m e  t 1 t a r g e t  c l e a n  and allow i t  t o  cool a t  t i m e  to (Fig.  5.2).  
t he  t a r g e t  has  cooled,  so t h a t  gas can  be admit ted,  and t h e  t a r g e t  
exposed u n t i l  t h e  coverage i n c r e a s e s  t o  8 
Ayo. The gas  f law is  stopped a t  t A t  t i m e  t t h e  t a r g e t  temperature  
i s  inc reased  t o  temperature T1 or T so t h a t  thermal d e s o r p t i o n  begins .  2 
and t h e  change i n  y i e l d  i s  
0 
2 '  3 
. 
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Fig. 5.1. Schematic of adsorption-desorption experiment. 
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F i g .  5 . 2 .  Schematic illustrating the principle of one mode of 
procedure of the adsorption-desorption experiment. 
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As desorption continues, the values of the yield in both cases approach 
the clean surface value. 
this case by the equation, 
We define the desorption coefficient B(T) in 
so that 
Thus by plotting h(Ay /Ay) v s .  t, we can find B f r m  the 
Non-linearities in the slope will reveal complexities in B ,  such 
0 
slope. 
as the small variation of B with 8. 
This plotting procedure gives us one value of B(T). By 
repeating the operation for a range of temperatures, T1, T2, ..., we 
will be able to construct the behavior of 8 with respect to T, and check 
with the simple model we have used to determine E and u .  We hope to 
be able to determine the number of bonding states and their energies 
from this information. 
B 
Finally, we note that this technique can be applied to vari- 
ous types of desorption, such as electron impact desorption, photo- 
desorption, and ion sputtering. 
